Abstract. The mechanism of nasopharyngeal carcinoma (NPC) remains unclear. The present study investigated the abnormal expression of long non-coding (lnc)RNAs in NPC tissues and one NPC cell line to identify the involvement of lncRNAs in the tumorigenesis of NPC. Using a quantitative reverse transcription polymerase chain reaction (RT-qPCR), the expression of lncRNA C22orf32-1 in NPC tissues and an NPC cell line was verified. The effects of lncRNA C22orf32-1 on NPC cells were investigated with a cell proliferation assay, cell scratch assay, Transwell assay and a cell apoptosis assay. The expression levels of lncRNA C22orf32-1 in NPC tissues and an NPC cell line were upregulated. lncRNA C22orf32-1 promoted the proliferation, migration and invasion of NPC cells, and reduced the apoptosis of NPC cells. The data demonstrated that lncRNA C22orf32-1 may facilitate the tumorigenesis of NPC, and may be used for the early diagnosis and treatment of NPC.
Introduction
Nasopharyngeal carcinoma (NPC) is the most common type of malignancy of the neck and head in China (1, 2) . Due to the anatomical location, the nasopharynx is difficult to access and the early symptoms of NPC are not distinctive. Therefore, NPC is usually diagnosed at the advanced stage (3, 4) . At present, the main treatment of NPC is radiotherapy. Radiotherapy may inhibit the development of NPC, but it may seriously influence the quality of life of the patient due to the side effects (5) (6) (7) . The regulatory mechanisms of NPC remain unclear. Therefore, research on the molecular mechanisms and genetic alterations involved in the progression of NPC is required, as this may help to find novel therapeutic and diagnostic methods (8) (9) (10) (11) .
Long non-coding (lnc)RNAs are non-protein-coding transcripts with >200 nucleotides (12) . As the non-coding RNAs do not serve as the template for protein synthesis, they are considered superfluous in transcription. Multiple previous studies have demonstrated that lncRNAs take part in the development of numerous diseases, particularly via gene silencing, cell cycle regulating, chromatin remodeling and splicing regulating (13) (14) (15) . The lncRNAs are categorized into oncogenes and tumor suppressor genes according to their different functions in variety of types of malignancy (16, 17) . It was demonstrated that the dysfunctionally expressed lncRNAs were associated with the occurrence of tumors (18) . Therefore, lncRNAs may be used for the early diagnosis of tumors and as novel targets for treatments (19, 20) . lncRNA metastasis associated lung adenocarcinoma transcript 1 has already been used as a biomarker for the early diagnosis of non-small cell lung cancer, due to its specificity compared with the other serum-specific antigens (21) .
lncRNA C22orf32-1 (OTTHUMG00000150697) was identified through gene expression profile analysis (22) . The expression of lncRNA C22orf32-1 was significantly upregulated in primary NPC tissues compared with the normal nasopharyngeal epithelial tissues, and therefore may act as an independent biomarker for early diagnosis and provide a novel therapeutic target for NPC (13, 22, 23) . In the present study, the expression levels of lncRNA C22orf32-1 in 24 primary NPC tissues and 24 normal nasopharyngeal epithelial tissues were examined with one NPC and one normal nasopharyngeal epithelial cell line. The effect of lncRNA C22orf32-1 knockdown on NPC cell proliferation, migration, invasion and apoptosis was explored.
Materials and methods
Tissue specimens. A total of 48 samples were collected from Peking University Shenzhen Hospital (Shenzhen, China) from May 2013 to February 2015. Of these, 24 samples were NPC tissues from patients with primary NPC and others were normal nasopharyngeal epithelial from volunteers without cancer. Fresh samples of normal nasopharyngeal epithelium and NPC tissues were obtained from the Department of Head and Neck (Peking University Shenzhen Hospital, Shenzhen, China), and stored immediately in liquid nitrogen. The present study was approved by the Research Ethics Board at Peking University Shenzhen Hospital (Shenzhen, China). No NPC patients received radiotherapy or chemotherapy prior to the surgery. The clinical staging of all patients were determined using the 2010 Cancer Staging Standard published by the America Joint Committee (24) . Details of the patient clinical information are summarized in Table I .
Cell culture. The normal human nasopharyngeal NP460 and NPC 6-10B cell lines were obtained from the Southern Medical University (Guangzhou, China) and Peking University Shenzhen Hospital (Shenzhen, China). Cells were grown in a humidified incubator with 5% CO 2 at 37˚C and maintained in medium containing 88% RPMI-1,640 medium (Gibco; Thermo Fisher Scientific, Inc., Waltham, MA, USA), 10% fetal bovine serum (FBS; Gibco; Thermo Fisher Scientific, Inc.), 50 U/ml streptomycin and 50 U/ml penicillin (Gibco; Thermo Fisher Scientific, Inc.).
RNA extraction, complimentary (c)DNA synthesis and quantitative reverse transcription polymerase chain reaction (RT-qPCR).
The RNA was extracted from samples and cell lines using the TRIzol reagent (Invitrogen; Thermo Fisher Scientific, Inc.) according to the protocol of the manufacturer. The purity of RNA was examined in the A260/A280 ratio using the SmartSpec Plus Spectrophotometer (Bio-Rad Laboratories, Inc., Hercules, USA). The cDNA was synthesized from RNA using a Reverse Transcription kit (Takara Biotechnology Co., Ltd., Dalian, China). The lncRNA C22orf32-1 expression levels in samples and cell lines were detected with the SYBR Green kit (Takara Biotechnology Co., Ltd.), and analyzed using the Roche Lightcycler 480 Real-Time PCR System (Roche Applied Science, Penzberg, Germany). The thermocycling conditions for RT-qPCR were: 94˚C for 3 min, then 94˚C for 30 sec, 55˚C for 30 sec and 72˚C for 2 min for 40 cycles and finally 72˚C for 10 min. All samples were tested in triplicate. Glyceraldehyde 3-phosphate dehydrogenase (GAPDH) was set as the internal control to normalize the relative expression level of lncRNA C22orf32-1. The primer sequences were: Forward, 5'-AGC ACT TGG CCC TAA AGA GA -3'; reverse, 5'-AAC ATA CTG GCC CAA ACA GC -3' for lncRNA C22orf32-1, and forward, 5'-GAG CAC AGA GCC TCG CCT TT-3'; reverse, 5'-TCA TCA TCC ATG GTG AGC TGG C-3' for GAPDH. The expression levels of lncRNA C22orf32-1 and GAPDH in specimens were calculated using the ΔΔCq method [ΔΔCq=(meanCq lncRNA C22orf32-1(NPC) -meanCq GAPDH (NPC) )-(meanCq lncRNA C22orf32-1(normal) -m eanCq GAPDH(normal) )]. The relative RNA expression in cells was calculated using the 2 -ΔΔCq method (25) .
Small interfering (si)RNA and transfection of cell lines.
A total of four siRNAs against lncRNA C22orf32-1, si-C22orf32-1, and one negative control, si-NC, were designed and synthesized by GenePharma (GenePharma, Shanghai, China). All the four si-C22orf32-1 were: Sense, 5'-CCC AGA GUC ACU UAG AAG ATT-3' and antisense, 5'-AUG GCC AUC AAG AUU AGG GTT-3'; sense, 5'-GAG GCG UGG AGU CUU GUU UTT-3' and antisense, 5'-AAA CAA GAC UCC ACG CCU CTT-3'; sense, 5'-GGC GGA UUC AUU ACA GUU ATT-3' and antisense, 5'-UAA CUG UAA UGA AUC CGC CTT-3'; sense, 5'-CUG GAA UAC AAU GCU CUA UTT-3' and antisense, 5'-AUA GAG CAU UGU AUU CCA GTT-3'. A density of 1x10 5 NPC cells were seeded onto 6-well plates overnight and transfected with 100 nM si-C22orf32-1 or 100 nM si-NC using Lipofectamine ® 2000 (Invitrogen; Thermo Fisher Scientific, Inc.). The interfering efficiency was tested using RT-qPCR 48 h following transfection. The most effective siRNA against si-C22orf32-1, which had a silence efficiency of >57.3%, was then selected for further analysis. The primers used were: Si-C22orf32-1 sense: 5'-CCC UAA UCU UGA UGG CCA UTT-3' and antisense: 5'-AUG GCC AUC AAG AUU AGG GTT-3'; si-NC sense: 5'-GAG GCG UGG AGU CUU GUU UTT-3' and antisense: 5'-AAA CAA GAC UCC ACG CCU CTT-3'.
Cell proliferation assays. The cell proliferation assay was conducted with Cell Counting Kit-8 (CCK8; Dojindo Molecular Technologies, Inc., Kumamoto, Japan). A total of 3,000 6-10B cells/well were seeded onto 10 replicate wells of 96-well plates. A total of 5-wells were transfected with si-NC and the others were transfected with si-C22orf32-1. Cell proliferation was monitored every 24 h following transfection up to 72 h, according to the protocol of the manufacturer. All assays were performed at least three times.
Cell scratch assay. The cell scratch assay was used to detect the migration of the NPC cells. A total of 2x10 6 cells/well of the 6-10B cell line were plated onto 6-well plates. The cells were transfected with si-NC and si-C22orf32-1 at 90-100% confluence. Sterile 200 µl pipette tips were used to scrape a clear line through the well 6 h following transfection. The serum-free RPMI-1640 medium was used instead of the previous medium. The migration distance was assessed and images were captured at 0 and 24 h following scraping using an inverted microscope (Olympus Corporation, Tokyo, Japan). All experiments were performed in triplicate.
Transwell and matrigel assays. 6-10B cells were harvested 24 h following transfection with si-C22orf32-1 or si-NC. For the migration assays, 1x10 4 cells diluted in 100 µl serum-free RPMI-1640 medium were plated into the upper chamber with a pore size 8 µm (BD Biosciences, Franklin Lakes, NJ, USA). For the invasion assays, 1x10 4 cells diluted in 100 µl serum-free RPMI-1640 medium were plated into the upper chamber, which was coated with Matrigel (BD Biosciences, San Jose, CA, USA). A total of 500 µl medium containing 10% FBS was added to the lower chambers. Following culture for 24 h, the cells that had invaded and migrated to the membrane were fixed with paraformaldehyde for 25 min, then stained with 0.1% crystal violet for 25 min. The images were captured and cells were counted using an inverted microscope (Olympus Corporation) and 5 fields of view were selected to be assessed. All experiments were performed in triplicate.
Cell apoptosis assay. 6-10B cells were plated onto 6-well plates and cultured in a humidified chamber supplemented with 5% CO 2 at 37˚C following transfection. The cells were collected 48 h subsequent to this using EDTA-free pancreatic enzymes (Gibco; Thermo Fisher Scientific, Inc.) and washed three times with pre-chilled PBS. Subsequent to resuspension in 1X binding buffer (Invitrogen; Thermo Fisher Scientific, Inc.), the cells were stained with a propidium iodide detection kit (Invitrogen; Thermo Fisher Scientific, Inc.) and Annexin V-fluorescein isothiocyanate (Invitrogen; Thermo Fisher Scientific) in the dark for 15 min. Flow cytometry (EPICS XI-4; Beckman Coulter, Inc., Brea, CA, USA) was used to quantify the rate of apoptosis. All experiments were performed at least three times.
Statistical analysis.
All experiments were performed at least three times, therefore the data were calculated as the mean ± standard deviation. All statistical analyses were performed using SPSS software version 17.0 (SPSS, Inc., Chicago, IL, USA). An unpaired t-test was to analyze the expression difference between NPC specimens and normal specimens, and the NPC and the normal nasopharyngeal epithelial cell lines. Student's t test was used to analyze the data from the proliferation, invasion, migration, apoptosis and scratch assays. P<0.05 (two-tailed) was considered to indicate a statistically significant difference.
Results

The expression of lncRNA C22-orf32-1 is up-regulated in NPC cell lines and human NPC clinical tissues.
The expression levels of lncRNA C22orf32-1 were tested in 24 normal nasopharyngeal epithelial tissues and 24 NPC tissues. The results revealed that lncRNA C22orf32-1 was significantly upregulated in NPC tissues compared with normal nasopharyngeal epithelial tissues (Fig. 1A) . The NPC 6-10B cell line and normal nasopharyngeal epithelial NP460 cell line were selected to verify the expression pattern of lncRNA C22orf32-1. The expression level of lncRNA C22orf32-1 in the 6-10B cell line was significantly higher compared with the NP460 cells (Fig. 1B) .
Knockdown of lncRNA C22-orf32-1 inhibited the proliferation of NPC cells.
To investigate the potential involvement of lncRNA C22orf32-1 in NPC progression, four siRNAs were used to decrease the expression of lncRNA C22orf32-1. The most effective siRNA was si-C22orf32-1, and further analysis revealed that it significantly decreased the expression levels of lncRNA C22orf32-1 in the 6-10B cell lines by >57.3% (P<0.05; Fig. 2A ). CCK-8 assays were used to examine the effect of lncRNA C22orf32-1 on the proliferation of NPC cells. Knockdown of lncRNA C22orf32-1 significantly suppressed the growth of the 6-10B cell line 48 and 72 h following transfection compared with the negative control (Fig. 2B) . LncRNA C22orf32-1 promoted NPC cell migration and invasion. The scratch assays and Transwell migration assays were used to detect the effect of lncRNA C22orf32-1 on the migratory ability of NPC cells. In the scratch assays, it was revealed that the migration abilities of the cells transfected with si-C22orf32-1 were significantly reduced compared with the cells transfected with si-NC. The migration rates were reduced to 58% in 6-10B cells (P<0.001; Fig. 3) . Similarly, the migration rates of the 6-10B cell lines following transfection with si-C22orf32-1 were decreased by 64.3% (P<0.001; Fig. 4A ) compared with the negative control. The Matrigel invasion assays were performed to investigate whether lncRNA C22orf32-1 was involved in the invasion of NPC cells. The results revealed that lncRNA C22orf32-1 knockdown cells exhibited impeded invasion abilities in the 6-10B cell line, and were reduced by 76.2% (P<0.001; Fig. 4B ).
Knockdown of lncRNA C22orf32-1 promoted NPC cell apoptosis. To investigate whether lncRNA C22orf32-1 was involved in the progression of NPC cell apoptosis, flow cytometry was used to analysis the rates of apoptosis in the 6-10B cells. The flow cytometry assay results indicated that the levels of apoptosis in the cells transfected with si-C22orf32-1 were significantly increased compared with the cells transfected with si-NC, with 8.78 vs. 19.73% (P<0.001; Fig. 5) .
Discussion
Epidemiological studies have demonstrated that NPC is a specific regional genetic disease with multiple factors. Exposure to the Epstein-Barr virus, the environment and genetics are the three main factors that influence the development of NPC (23, (26) (27) (28) . Like multiple other human malignancies, the occurrence of NPC is due to the activation of oncogenes and/or the inactivation of tumor suppressor genes that disrupt the homeostasis of cellular gene expression.
LncRNA is considered an important factor that influences the development of human tumors (29, 30) . Previous studies have demonstrated that abnormal expression of lncRNAs was able to change the biological functions of tumor cells by affecting various cellular processes. According to their alternative expression pattern, certain lncRNAs may reflect the progress of disease, and may be regarded as independent predictors for cancer diagnosis (14, 16, 31, 32) . The overexpression of Hox transcript antisense RNA in breast cancer promoted metastasis (33, 34) and homeobox A transcript at the distal tip is considered an indicator for determining the progress of pancreatic cancer (35) . Prostate cancer associated transcript 1 identified in hepatocellular carcinoma has been associated with the prognosis in patients with hepatocellular carcinoma (36) . Yet, the specific functions of lncRNA in the occurrence of tumors remains unclear.
As demonstrated in a previous study, the expression of lncRNA C22orf32-1 was upregulated in primary NPC tissues (22) . However, the mechanism of lncRNA C22orf32-1 in the development of NPC remains unknown (22) . In the present study, the expression of lncRNA C22orf32-1 was examined in 24 primary NPC tissues and 24 normal nasopharyngeal epithelial tissues, and in one NPC and one normal nasopharyngeal epithelial cell line. It was revealed that the expression levels of lncRNA C22orf32-1 were higher in the NPC tissues and the NPC cell line. lncRNA C22orf32-1 is located in the human chromosome 22 with a length of 545 bp. Genetic diversity is a feature of chromosome 22, and as such this chromosome is associated with the occurrence of human disease. At present, at least 27 types of disease are associated with chromosome 22, particularly malignancies including acute lymphoid leukemia, chronic myelogenous leukemia and malignant rhabdoid tumors (37) (38) (39) . The high expression level and the specific location of lncRNA C22orf32-1 indicate that it may be associated with NPC. The effect of lncRNA C22orf32-1 knockdown on NPC cells was investigated, and it was demonstrated that the overexpression of lncRNA C22orf32-1 in the NPC cell line promoted cell proliferation, migration, invasion, and suppressed cell apoptosis. Conversely, subsequent to lncRNA C22orf32-1 knockdown, the capacities for proliferation, migration and invasion were decreased, and apoptosis was increased. This indicated that lncRNA C22orf32-1 is a cancer-associated gene involved in NPC, which may be a useful candidate biomarker for the early detection and treatment of NPC. Additional studies are required to determine the potential mechanisms of lncRNA C22orf32-1 in the development of NPC.
